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Abstract; Water is a primary resource limiting terrestrial biological activity, particularly in arid and semi-arid regions. In
this study, a temporal and spatial variation of water status in soil and Juglans regia and Vigna radiata during spring and
summer in an agroforestry system in the rocky mountainous area of north China ( a semi-arid region) was traced by analyzing
the difference of hydrogen isotope. Root dynamics of the two species were measured in both dry and wet seasons. Variation
in 8D of was compared to detect the water sources and use. Results showed that 61.61% of J regia roots co-existed with
total roots of V radiate in shallow soil (0—30 cm depth). There was a significant difference of shallow soil water content
and the 8D value between dry and wet season. A significantly inverse correlation (R* =0.77,P =0.02) was found between
soil water content and 8D value in dry season but not (R* =0.03,P =0.73)in wet season. Analyses of 8D value showed
that 38.39% of the total roots, distributed in the deep soil layers (30 —80 cm depth) , absorbed over 51% of the total
water from the soil in dry season. The shallow soil provided all water in the monocropped V radiate, whereas around 1.58%
to 5.39% water in the intercropped V radiate was derived from the deep soil. In wet season, around 63.52% to 78.99%
water of J regia and all water of V radiate were extracted from the shallow soil, which reflected that the shallow soil was able
to synchronously meet the water need for J regia and V radiate when the shallow soil had sufficient moisture. However,

photosynthetic rate of the intercropped V radiate was significant (P <0.05) lower than that of the monocropped due to light
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competition in the agroforestry system. In dry season, predawn leaf water potential and photosynthetic rate of V radiate, as
well as the water content in 0 — 20 cm soil layers, in the intercropping field were significant higher than those in the
monocropping field. The 8D data also suggested approximately 1.58% to 5.39% water in the intercropped V radiate was
derived from the hydraulic lift by J regia at night. In general, the intercropped V radiate presented better water status and
hence higher assimilation rate than the monocropped V radiate in dry season likely due to water lift by J regia and relative
higher moisture in understory of J regia. However, the intercropped V radiate lost a certain photosynthetic capacity in wet
season due to being partially shaded by J regia. Therefore, the intercropped V radiate was able to avoid harsh drought stress
in dry season at the expenses of photosynthetic capacity in wet season. On the other hand, the intercropped V radiate did
not competed with J regia for water resources largely due to their differential distribution of root systems. In dry season, J
regia was able to extract water from the deep soil layers while the V radiate mainly depended on water from the shallow soil.

In wet season water was not the limitation resource for the plant growth.

Key Words: Juglans regia;Vigna radiata ;agroforestry system ;isotope ;water source
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£ 140 m, HIELUA KA XA B Rk s e €+ o8 £, £ ZEE 50—80 cm,pH £ 6.8—8.5, AR &N
15%—28% BEHR S B KA R 10 g-kg ', A A & & 2114—8010 mg - kg™ ', BB & & 514—616
mg-kg ™', HALH S 60—103 mg-kg ', BkERAE T 2006 AT, FRATAT 1A AR PG 1], BRATEE AR B0 4 m x 3
m,EEIHRE 3.4 m, BEALEIE 3.4 m, RPGENE 3. 1 om, BAK ROFE#042 4 8.9 em, G GAT10 5B T M)
—3, VR TR R WAT 60 cm, BRITEESFHIH 25 em x40 em, HAEG G TRME G RGEVEM 20 m
HH ARTTEE 25 cm x40 em, 5[EfES ERIURIFAE GG, RME S RGEUL | BB 5 8 B % G
g 1ASSER /N, kAR Y SR i3 6 AR TDR B E /K 43, AR PSRl 1 m 4b TDR &0 %€ 1) 2 bk ] 138K
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RERP . RS S AR R B 2E B A R JL BT MEE A T 100—200 cm, 26745 5.5 50 X, BEHLEAE
3T FZE R 35 om 35 A EPA BERER, [RIXHRCHE | I 58 SR 2R % WA L SEERE o T 7

Bl IRXERHERER
Fig. 1 Sketch of sampling spots in the experimental field
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THIES R Snyder' ™ ({7 B 1304 T ZHATHRE ,0—30 om RJE 13, 4P 51525 om +3845 2 4,
— %A EPASRIZE RS R , — Bt T E 7K E . 30—80 em IR 3%, FIAL R ZBALHN, B B i) T3
MRS %A EPA i, B k7K 7328 & 4188 , A T B 7K s Xof b 1 g — 20 4% s, 0—5 °C. A 3 7 (58 485 X Y2 s £
P, B3 b E AR e e E (R 3R bG3R BRIE SE 06 %, LA AR MR AR Bt S 3 I IR AL 3K HL 3 5% Y ( Finnigan
MAT Delta V advantage , ThermoFinnigan /3 &), 3 [H ) ] 5 4R R B o iR 6 AL K HE 2 VA AR X F V-SMOW
(Vienna Standard Mean Ocean Water) [T 433 (%o) 25 1 , X6 R £2%0, TTHEFTFERN

R
ﬂ-l)xlooo (1)

standard

R e T R pygona 735N F A 0 0 B i AR HEDD ) D/H Y EUAE

LAY B IR 6D EA R 7K /R IR BT BB B K 8D fE MK IRAE N & i , A/ 8D (B 7K IR
Ve R B Ak , 8 PRI R AR R L — R R VR BT S B Eu gl AR -

8D =x,8D, +x,8D, (2)
2 +x, =1 (3)

K, x, 2, R ZFRE LK XHEY BT A FK 53 B 5Tk 3. 6D AR RH /K 43R Rl AL & LB, 6D, il
8D, BRZHHEZE LK o R AL R HE , B RZ 3B E /KR oD [EAE B, Brid 8D, & 5.15.25 em +
1 5D ER BT 450, AE & H IR EKE G B EKENE .

RIRFE 2009 42 6—10 A #4745 7%E6 H17 H7 A2 H.8 A 15 H.8 H27 HF 10 A 6 HX k-4 =
RE RGN THATIE o 1 excel FEE, A SPSS13. 0 SR (AT B AL 3 , X A% Bk | (] VE 4% S R0 BE
YELX 1T One-way ANOVA 73#7 3 /N B3 22800 (LSD) #1172 E WK, it B &EMKFP A P < 0.05,
3 RS9
3.1 Rzl F

SEWMMEER R RS 6—9 A HRRKE, HHKEMLE 15 CUL, &&BHIREIRET
A (E2), 2009 FiE A E KR T2, AL A1 HE] 10 A 6 HiRAK LR 415. 7 mm, {UF AEEFEW
M= = Hp,1—7 AR 131.20 mm, IAEEER L2 —, N 8 H 16 H FF 1 RFEFT d 1
B, % 10 A 6 HFER 224 mm, SH] 10 > H BFEK K 53.89% (E 2) .
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Fig.2 Variation of temperature, precipitation and cumulative precipitation from January to October in 2009

3.2 BHkMSE AR R

Bth-R OB A RETRASARES . £ 1 B, BEHF N EESMR RS 7E 0—80 om i)+
Hep o 10—20 om HHEFRK B ER, & MR R MBI 25.70% , BAMK B BAERHRRI M 100em &b
(809.82 cm/dm*) ,20—80 cm I AR I 55 B FEVR B 1 I sk /0 ,0—30 em +3EFPARK B & AR K
f#161.61% , RIVEBIR R FENMHAERZE L3, 7EKFTrm b, ZBkEEM 100 cm 4b(S100) - H 14 25 B
A (337.79 em/dm® ) , Ak o E] 457 B ( NS200) (5 BIAR 4 55 B B2 /IN(207. 14 em/dm®) , 255 BoR bR &
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L A X B AE S100—S150 F1 N100—N150 &b, H B P3R5 BER T, Toit srEid & E1E, & EAR
RS A7E 0—30 em +3Er  HA 0—10 om +IEAPARK R B 7070 o5 SR 25 B 61. 53% F1 60. 28% ,10—30
em IR KB 41515 38.47% F136.92% . Hth-B G R A RGEHR AL 0—30 em B HI|H X070, 4
PRI RAFEAEDNES,

*1 k. AEREMRERENRRESH
Table 1 Root distribution of J regia,V radiate intercropping and V radiate monocropping /( cm/dm®)

. G e LD -1t e e P
Deeth 50 ¢cm 100cm 150cm 200cm 150cm 100cm 50cm
P N50 N100 N150 NS200 S150 $100 S50
bk 0—10 346.17 £35.24 590.96 +64.92 580.85 +161.99 301.22 +77.39 571.09 £205.26 662.58 +76.77 468.74 +34.92
J 10—20  478.04 +24.85 722.28 +79.35 709.92 + 164.65 353.01 £64.91 698.00 +173.09 809.82 +93.83  647.30 £48.23

20—30 257.34 £58.39 402.05 +31.75 274.00 £33.66 425.73 +59.35 338.71 £23.65 215.04 +17.68 418.03 +70.71
30—40 210.55 +47.77 328.95 +25.98 224.18 +27.54 372.86 +40.83 259.20 +44.71 175.94 +£14.47 342.03 £57.85
40—50 256.53 +68.50 195.24 +20.79 106.34 +11.73 181.68 +20.06 278.92 +21.07 238.71 £43.25 174.67 +37.03
50—60 209.89 +56.04 159.74 +17.01 176.57 +16.79 158.92 +30.94 156.56 +31.48 195.31 £32.81 142.91 +30.30
60—70 206.26 +40.22 150.92 +89.00 81.29 +24.58 136.08 +22.63 202.01 £28.57 120.66 +£18.55  96.87 +18.82
70—80 168.76 £20.05 123.55 +23.21 66.51 +£20.11 118.16 +10.73 64.61 £9.14  84.24 £25.66  79.26 +28.12

[l ELk e 0—10 132.59 +19.64 135.73 +£47.48 147.92 £13.30 162.72 £12.46 151.90 £22.59

VI 10—20 19.64 +13.09 90.48 +31.66 98.62 +8.87 108.48 +8.31 101.26 +15.06
20—30 9.98 £0.60 10.39 +2.88 3.71 +£0.51

B (5-351 0—10 163.25 +38.65 172.35 +33.13 163.87 +18.54 156.33 +£26.49 196.36 +46.75

VM 10—20 91.24 +18.69 102.31 £24.33  95.78 £24.36 99.85 +34.27 100.37 +14.84
20—30 1.22+0.36 12.35 +3.61 10.23 +1.15  9.55+1.04 9.86 +2.40

J: ¥%bk J regia; V1. [A{ES 5 V radiate intercropping; VM : Bi{E4E & V radiate monocropping; N: #f bl northem side of tree; S: % g il

southern side of tree; NS:#Egdt northern and southern sides of tree
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Bk- GG RGBSR G W LUK e =28k 1B 3 SR B8 7ERflE 6 A 17 HZE8 A 15
H B2k B A ARG G DR IR S KB T 8 A27 HA10 A 6 H, EZRMEN 8 H 16 HHAjM
KED,8 16 HE 10 H 6 HEEKEZ, di 2009 457 10 I~ H /9 53.89% o £ [ E,0—20 em +-385 52 5|
IR, EKBARTHAL )R o 40 em DAF ) 13K & BARAGAHXT 8/ . Bk BMESR E AR T
ORI AEZE S ,0—20 em HHOK & BREAAMIRE > FIESRE > BAELRE, A 20—60 cm T3R8
BRBIESGE > [HIESE > ZARIE . 8 H 15 H 60—100 cm HAESE S + /K 7% B /)N, HoAtL ] 37 B
ERE TR KBRTEM—REZERE(E3).
3.3 eEERSGH FKHEL

K4 BB ER S-S ER G REROCERNFEZR. 6 A 17 HEENIRITFRERAA, BIE
BEMEfERECERRZAZRARE. 7T A2 HM8 A 15 HE/ESREROLEERR THEESE, —
ZEREFE, FEWEKS A 27 HM10 H 6 HEWESRERDLE BRI BT RIERE, ZREE . BUIHIH
IKHT AR N KPR OB R AR ARZ —, B 4 B8 6 A 17 HRMEGE 5 EES RN KEEE
BEXER,TA2HM8 A IS HE/ESEHHAKEHER THESE, “HEX27 B, FKERN8 A2TH
10 A 6 HIEfESEMBIESGERM k#L7 A2 HM8 A 15 HHARI S ,(H8 A 27 HAM 10 A 6 HIF
TR ERBIESE W KB ERARE
3.4 JRIFAAEERAEA

BB RS 2N BT R R FERIET EN A ABARIRSIK Y. B S B 0—30 em fRE L
BB BAR,6 H17 H.7 A2 B8 A 15 HIRIZ L5 oD (HZ#iH fn, 8D {Hry -38.79 FH %l
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Fig.3 Variation of water content in different depth soil
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Fig.4 Variation of photosynthetic rate and predawn leaf water potential
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Bk sk ik 6D EMRE T 8 A 27 HAI10 A 6 H ,RHI B2 HT0Z= 1%k F 4k A /K 20 R I T BEAF
TE2E5. 6 H 17 HEWESEMB/ESE oD HERARE HT H 2 HA8 A 15 HEWESE oD EHY BT
PR E, " EKEREE 8 A27 HM10 A 6 HEfE4E oD HE BERERAREZEMN. 6 A 17T H—8 A
15 H#Zbk oD Em R T4 2, 257 BE , RIS EERF KRR L AFEZER, FEW/ER 8 A 27 H
M10 A6 H —EZRERNRE

—— ZRELTH = e O %tk B HEST m BERE
H # Date H #i Date
06-17 07-02  08-15 08-27 06-10 06-17 07-02 08-15 08-27
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SD/(VSMOW,%0)
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T
OD/(VSMOW,%0)
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Fig.5 Variation of §D value in different depth soil, J regia and V radiate
El a.bc REFEARETRRZE 0.05 KF L 2EFBE

3.5 BRRRISE IR AR

Rk SR SRR 2R IR T L3 P 7K 43, 3 LB R 4 B E ZE A K 4 5 R EFIRE 3K 4
IR R LS 5, F I — 04 Bk MR AR AT 3158t B AT T X R R )R K A BAE X F . ibkE 6 H
17H.7 A2 BfI8 A 15 H EZEFFRE LKL, L1551 51.38% ,53.70% F 54.77% WK G RE -
HEKAMHENN,8 H 27 HA10 H 6 H BRI FIZ2 H38K 4 6143 Bk 78. 99% 1 63. 52% , i 5 £ F|
KRR . i, AfEGE S5 EEGE 2 MAE—E£H,6 A 17 HE8 A 15 H ARG T KAk N
4k A TRE L, BESEANKSHE — B RETHRZELE,7 A2 B8 H 15 BFIH 51N
1.58% #15.39% , RAGIEEGEARREA EKIFE L BEIKAE 3B KSR\ THRE L, X5
IKAMRAHE KA RTE EFIR IR TR MR T B B E . (TR 8 A 27 HAI 10 A 6 HEfE
G TRV TIRE K B 43 Bk 19. 11% 71 17. 82% , ARG E IR T2 LK 4 HL B4 514 8. 25%
M11.24% (& 6),
4 itip
4.1 +HOKA AL SRR R Bk

HHUK A BEERBAMETEKR, BHERE LIRS ERE R, RILEBTR,0—20 cm +3E45
KEFEZE T ZE 4 PI7E 8. 9% —11. 2% F1 14. 8% —19. 1% 3 B P9 45 4k, 20—40 em - 38 & K 8 4 Bl 76
12. 4% —15. 1% Fl 18.5—22. 3% i Bl ] AE4k ,40 em AT 19 - 3K & BB AN E . £EHHKHTE
R FEESERMENME TR HOKE IS £ E R R AR, A RZ R 0K AR R R H AT
TEEBENZR , BFERE TN oD AT -38.79— -28.78 WEIAEAL, ERIGG 3 HH KM 6D
{43k - 67.35, —69.38 Fll —65. 68, Z MK Fn7 2 13 rb oD [EAE T, B2 i oD EEHH 0
Eo KitaiERM, £FhRE KNS sD HZ HFEBER ML KR (R =0.77,P=0.02) ,fiZH
FJZ 1% oD EBAR, 5 TS KBM XA BE (R =0.03,P=0.73) (B 7). Drake I Franks'" #F5% i
TARK RIS L R B L K %5 6% 0 ERZENBEMX X RENEXM R RAADE, RE LT
8D fH-5 H IS KBHEVIME, ISR RS RIS RE DA K B2 KL RIBH T IRE,
4.2 KEHRRNGEEAR R A Bk 43 R SR8

WRRHEYTAOK SRS EEIRE, REKR HIEAEY- KL (SPAC) RGE/KMHE S EE IR
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